Summary. Five Dutch\p=n-\Friesianheifers were injected i.m. with 3000 iu pregnant mares' serum gonadotrophin (PMSG) on day 10 of the oestrous cycle, to study the effects on the number and micromorphological quality of antral follicles (\ m=ge\ 0\ m=. \ 3 mm in diameter). The ovaries were collected 48 h after PMSG injection.
Introduction
Quantitative characters have predominantly been used to assess follicle growth in cows (Rajakoski, 1960; Choudarye/a/., 1968; Marion et ai, 1968; Dufour et ai, 1972; Swanson et ai, 1972; Mariana & Huy, 1973; McKenzie & Kenney, 1973; Matton et ai, 1981; Merz et al., 1981; Staigmiller & England, 1982; Ireland & Roche, 1983; Monniaux et ai, 1983 Monniaux et ai, , 1984 Moor et ai, 1984; Maurasse et ai, 1985) . From these investigations it appears that numbers of antral follicles of various sizes may vary considerably per cow and per study. This might explain the variable superovulation response after treatment of animals with gonadotrophins (Monniaux et ai, 1983) . The extent of atresia of antral bovine follicles has also been indicated as one of the determining factors for a successful superovulation response to exogenous gonadotrophins (Lahlou-Kassi & Spicer & Echternkamp, 1986; Ireland, 1987) . In this respect, it is important to obtain indicators that discriminate between nonatretic and (early) atretic follicles.
Various macroscopical, histological and biochemical characters are used to define follicle quality. The macroscopic appearance of excised follicles correlates with histological signs of atresia in cattle (Kruip & Dieleman, 1982) , and groups of macroscopic qualified follicles can be dis¬ tinguished from each other by the steroid hormone concentration in the follicular fluid (Kruip & Dieleman, 1985) . Grimes et ai (1987) , however, found that macroscopic features of nonexcised follicles were poorly correlated with histological and nonhistological characteristics. They observed, in contrast to findings of Uilenbroek et ai (1980) Dieleman et al. (1983) . The time when animals would allow mounting for at least two consecutive times was regarded as the onset of oestrus. The day on which this occurred was defined as day 0. Luteal function was assessed by collecting blood samples by jugular puncture, and plasma progesterone concentrations were measured according to the method described by Dieleman & Bevers (1987) (1983) . Ovaries obtained from untreated heifers on day 12 of the oestrous cycle served as controls.
Histology
Ovaries of the PMSG-treated and of five untreated heifers were fixed in Bouin's fluid, dehydrated in a graded series of ethanol and embedded in paraffin wax. Whole ovaries were sectioned on a microtome. The serial sections, 5 pm thick, were stained with Periodic acid-Schiff-haematoxylin. All antral follicles >0-3mm were counted and micromorphologically evaluated. The antral follicles were allocated to four size categories according to diameter (0-3-0-9, 1-0-2-9, 3-0-5-9 and^6-0mra). The diameter of each follicle was calculated according to Choudary et al (1968) . Values were corrected for shrinkage (10%; Kruip & Dieleman, 1982) .
Based on micromorphological criteria (Kruip & Dieleman, 1982; Grimes et al, 1987; Spicer et al, 1987) 
Results

Micromorphology
Most paraffin-embedded, non-atretic follicles had thin cells with an oblong nucleus locally in their granulosa (Fig. la) . These atypical granulosa cells (AGCs) generally were found in the basal area of the granulosa. All 16 nonatretic, araldite-embedded follicles showed AGCs in their granulosa. The cytoplasm of these AGCs strongly stained with toluidine blue (Fig. lb) , whereas that of normal granulosa cells stained pale purple. AGCs were frequently accompanied by a small invagination of the basal lamina, pouching into the granulosa (Fig. lc) . The appearance of AGCs strongly resembled that of the fibroblast-like cells from the surrounding thecal layers. AGCs were never seen penetrating the basal lamina. Interruption of the basal lamina was not observed. When present, only a few of these cells (1-10) were generally found per cross-section through a nonatretic follicle. In light-and definite-atretic follicles, AGCs were common in larger numbers (Fig. Id) .
Apart from their elongated nucleus, AGCs were ultrastructurally characterized by their dark cell matrix (Fig. 2a) (Fig. 2b and c) . Most granulosa cells contained a round nucleus, a well-developed rough endoplasmic reticulum, a Golgi system and many mitochondria with lamellar cristae; the cell matrix was of moderate electron density. However, the cytoplasm of granulosa cells, in the vicinity of an AGC, often showed marked degenerative changes, such as swollen organdíes and loss of organdíes in the presence of an intact nucleus (Fig. 3) . Glandular-like The mean number of nonatretic antral follicles^0 -3 mm significantly increased after PMSG treatment (62-4+11-2 versus 40-4 + 9-9 (P < 005); within this population of follicles, significantly more medium-sized (3-0-5-9 mm) and large (^60 mm) follicles were observed (Fig. 4a) . Hormone treatment did not affect the mean number of smaller (0-3-0-9 and 10-2-9 mm) nonatretic follicles.
When the presence of AGCs was used to discriminate nonatretic follicles from atretic follicles, the mean numbers of medium-sized and large nonatretic follicles without AGCs (Fig. 4b) as well as the mean number of large ones with AGCs (Fig. 4c) were markedly greater in PMSG-treated heifers. Of nonatretic follicles^3-0mm in the untreated heifers, only 91% lacked AGCs, while these cells were absent in 18-3% of follicles < 3-0 mm. In the PMSG-treated heifers, AGCs appeared to be absent in 46-7% of nonatretic follicles^3 -0mm and 30-7% of follicles < 3-0 mm.
The mean number of atretic (light-atretic + definite-atretic + heavy-atretic) follicles >0-3 mm in untreated heifers (50-2 + 13-8) was not different from those in PMSG-treated animals (51-2 ± 6-7). An effect of hormone treatment was not found, when mean numbers of atretic follicles in different size categories were compared with those in untreated heifers (Fig. 5a ). When atretic follicles were subdivided, based on the extent of atresia, hormone treatment did not influence the mean numbers of light-atretic, definite-atretic or heavy-atretic follicles (data not given). Only when follicles hitherto called nonatretic with AGCs were taken together with atretic follicles was the mean number of atretic follicles^6 0 mm significantly greater after PMSG administration (Fig. 5b) .
Discussion
The mean number of antral follicles per untreated heifer on day 12 in this investigation and the mean numbers of these follicles per size class largely correspond with those described by Rajakoski (1960) , Matton et ai (1981) and Moor et ai (1984) . Large individual variability of follicle populations has been observed. In the present study, about half of the population of antral follicles appeared atretic. This is in accordance with previous findings by Rajakoski (1960) , Mariana & Huy (1973) and McKenzie & Kenney (1973) . The percentages of atretic follicles were far higher as follicles became larger; from the population of medium-sized (3-0-5-9 mm) and large (^6-0 mm) follicles 73-7 and 83-3% were atretic, respectively. Comparable high percentages of atresia in similar-size-class follicles were reported by Kruip (1982) and McNatty et ai (1984) .
Initially, micromorphological criteria that were commonly accepted in studies in cattle (Rajakoski, 1960; Marion et ai, 1968; Merz et al, 1981; Kruip & Dieleman, 1982; Grimes et al, 1987; Spicer et ai, 1987) were used to discriminate between nonatretic and atretic follicles. This study revealed the appearance of atypical granulosa cells in many nonatretic follicles. These AGCs histologically and ultrastructurally are most similar to fibroblast-like cells in the underlying theca. AGCs, therefore, may originate from the theca interna. On the other hand, these cells may be transformed granulosa cells, since disruption of the basal lamina and penetration of fibroblast-like cells through this lamina have not been observed. The presence of AGCs in nonatretic follicles coincides with the occurrence of degenerative changes in the cytoplasm of nearby granulosa cells. These AGCs were more frequent in atretic follicles. (Clark, 1923; Ingram, 1962; Horowitz, 1967; Lobel & Levy, 1968; Priedkalns et ai, 1968; Koering, 1969; Brand & de Jong, 1973; McKenzie & Kenney, 1973; Monniaux et ai, 1984) . Most of these authors consider that the fibroblast-like cells originate from the theca interna. However, contrary to Brand & de Jong (1973) , ultrastructural studies of atretic sheep follicles (Hay et ai, 1976) granulosa of atretic follicles. Thecal elements, found in the granulosa of atretic bovine follicles after histological examination , were not evident in ultrastructural studies .
When nonatretic follicles containing AGCs were regarded as light-atretic, only 91% of non¬ atretic follicles^3 -0mm in the untreated heifers appeared nonatretic. This may indicate that the normal fate of these day-12 follicles is degeneration. Consequently, macroscopical criteria do not offer a reliable means of identifying healthy bovine follicles, since all 16 excised macroscopic non¬ atretic follicles had AGCs. This conclusion contrasts with the opinion of Kruip & Dieleman ( 1982) . Grimes et al. (1987) did not find a correlation between the macroscopic and the microscopic images of antral follicles, but they used nonexcised follicles in their studies.
PMSG treatment results in more large (>6-0mm) antral follicles. This effect is due to an increase in the number of large nonatretic follicles. The number of medium-sized (3-0-5-9 mm) nonatretic follicles also increased in the hormone-treated heifers. PMSG did not affect the number of nonatretic follicles <30mm or that of atretic follicles in the different size categories. The data indicate that PMSG stimulates the formation of large nonatretic antral follicles from the population of smaller follicles and the recruitment of new small antral follicles from the population of preantral follicles. The present data partly contradict those of Monniaux et ai (1984) and Moor et al. (1984) , who found that PMSG did not change the number of nonatretic antral follicles, but reduced the incidence of atresia among antral follicles; but they did show a significant increase in mitotic activity of granulosa cells in preantral follicles of superovulated animals. Moor et ai ( 1984) concluded that PMSG promotes recruitment of antral follicles and prevents some normal follicles from becoming atretic or converts some atretic follicles to a normal state. Similar hypotheses were proposed after various studies in rodents (for review, see Greenwald & Terranova, 1988) . Recent studies in sheep (Driancourt et ai, 1987) and rats (Hirshfield, 1989) The present data show that the presence of AGCs in follicles hitherto called nonatretic is probably associated with the onset of atresia. When the presence of AGCs is used to discriminate between nonatretic and atretic follicles, PMSG treatment stimulates not only the formation of medium-sized and large nonatretic follicles, but also of large atretic follicles.
